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Nonlinear Realizations of Superconformal Groups and Spinning Particles
A. Pashneva∗†
aBogoliubov Laboratory of Theoretical Physics, JINR,
Dubna, 141980, Russia
The method of nonlinear realizations is applied for the conformally invariant description of the spinning particles
in terms of geometrical quantities of the parameter spaces of the one dimensional N - extended superconformal
groups. We develop the superspace approach to the cases of spin 0, 1
2
, 1 particles and describe the alternative
component approach in the application to the spin- 1
2
particle.
1. INTRODUCTION
The conformally invariant description of the
relativistic (spinning) particle treats on the same
footings the coordinates of the particle and (su-
per)einbein, needed for the local reparametriza-
tion invariance of the action [1,2]. The space-time
coordinates in this approach are not fundamental
ones. They are ratios of some more basic vari-
ables, each transforming as the one-dimensional
vielbein. In total, for the description of the parti-
cle inD dimensions, one needD+2 such variables
(einbeins) entering the starting action identically.
As was shown in [3–5], these einbeins (and
their superpartners in the case of N = 1 spin-
ning particle) can be naturally described as dila-
tons (with superpartners), parametrizing D + 2
different elements of the one-dimensional super-
conformal group. In this paper we generalize the
consideration of [5] to the case of N = 2 spinning
particle making use of the superspace approach.
We also point out the problems arising when at-
tempts to generalize the approach to the higherN
extensions of spinning particle [6,7]. As a possible
way out we describe the modified component ap-
proach and apply it to the revision of the N = 1
spinning particle.
The structure of the paper is the following.
In Sect.2 we shortly describe the nonlinear real-
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izations method in general and mention its pe-
culiarities for the groups including the space -
time translations. As a simple application of the
method we describe in Sect.2.2 and Sect.2.3 the
spinless and spin- 12 particles in the superspace ap-
proach. We develop in Sect.3 the superspace ap-
proach to the case of spin-1 N = 2 spinning par-
ticle. In Sect.4 we analyze the possibility to gen-
eralize the method to higher spins and describe
the alternative component approach in the ap-
plication to the spin- 12 particle. The algebra of
N -extended superconformal group is described in
the Appendix.
2. RELATIVISTIC MASSLESS PARTI-
CLE AND N = 1 SPINNING PARTI-
CLE
2.1. The nonlinear realizations method
In this method the representation space of the
group coincides with the whole space of the group
parameters or with its subspace, which describes
the coset space of the group over some of its sub-
group. Let us consider the general group element
and its transformation under the left multiplica-
tion by some fixed element g
G(ai)→ G′ = g ·G(ai) = G(a′i). (1)
So, the parameters ai of the group space realize
the representation of the group with the transfor-
mation law: a′i = a
′
i(ak, g). If the group admits
the parametrization in the form
G = K ·H = K(km) ·H(hs), (2)
2where H is some subgroup of the group G and K
parametrizes the corresponding coset K = G/H ,
the group action can be realized not only on the
whole space of parameters {km, hs}, but on the
coset space {km} as well. The transformation law
in this case is
k′m = k
′
m(kn, g), h
′
s = h
′
s(km, ht, g). (3)
One can generalize the approach and consis-
tently consider simultaneously more than one
group elements carrying the external index I
GI = K ·HI (4)
with the same coset element K and different el-
ements HI of the subgroup H . This property
(the equality of the coset elements for all GI ) is
invariant with respect to the left multiplication
GI → G′I = g ·GI (5)
with any group element g.
The differential invariant Cartan’s Ω - forms
can be constructed for each of these group ele-
ments
ΩI = G
−1
I dGI . (6)
Moreover, the following group elements (strictly
speaking they belong to the subgroup H)
GIJ = G
−1
I GJ = H
−1
I HJ (7)
are also invariant with respect to the left multi-
plication (5). This fact gives the additional possi-
bilities for construction of invariants of the group.
Let us underline that in contrast to the Ω - forms
(6), which belong to the algebra, new invariants
(7) belong to the group itself.
In what follows we will consider as starting
groups the superconformal infinitedimensional
groups of the (super)spaces with one bosonic and
N grassmann coordinates ZM = (τ, θa). The
corresponding (super)Virasoro algebras contain
among their generators the translation P = L−1
and N supercharges Ga−1/2. In this case it is con-
venient to parametrize the group element in the
form
G = eiτL−1 · eθaGa−1/2 · G˜ (8)
and after that consider all parameters in G˜ as
functions in the superspace (τ, θa). The coor-
dinates (τ, θa) transform indeed as they should
transform. Such consideration automatically will
lead to superfield constructions. However, as we
will see later, in some cases, especially when the
number of supersymmetries N growths, such su-
perfield approach leads to difficulties. Instead,
one can consider already θa as the functions θa(τ)
of a single bosonic coordinate τ . This situation
corresponds to the phase of the spontaneously
broken supersymmetry and functions θa(τ) play
the role of the corresponding Goldstone fields.
Such component approach is alternative to the
superfield one and it, possibly, will help to over-
come the mentioned difficulties.
2.2. Virasoro algebra and massless particle
One dimensional diffeomorphisms algebra is
the simplest example of the N - extended super-
conformal algebras described in the Appendix. It
coincide with the Virasoro (centerless) algebra
[Lm, Ln] = −i(m− n)Lm+n. (9)
If one limit themselves to the positive part of
this algebra, which generate in the one dimen-
sional space the transformations which are regu-
lar at the origin, the most natural is the following
parametrization of the group element
G =eiτL−1eiU
(1)L1eiU
(2)L2eiU
(3)L3 . . .eiU
(0)L0 ,(10)
in which all multipliers with the exception of
eiUL0 , U ≡ U (0), are ordered by the dimensional-
ity dim Ln = n of the correspondent generators.
Such structure of the group element simplifies
the evaluation of the variations δU (m) under the
infinitesimal left action
G′ = (1 + iǫ)G, (11)
where ǫ =
∑∞
m=0 ǫ
(m)Lm−1 belongs to the alge-
bra of the diffeomorphisms group. In particular
δτ =
∑∞
m=0 ǫ
(m)τm ≡ ǫ(τ) All other U (n) trans-
forms through τ and U (m), m < n.
At this stage it is natural to consider all param-
eters U (n) as the fields U (n)(τ) in one dimensional
space parametrized by the coordinate τ . The field
U (0)(τ) transforms as a one dimensional dilaton.
3Simultaneously U (1)(τ) transforms as one dimen-
sional Cristoffel symbol.
Having in mind that the generators L0 and L1
form the subalgebra, one can consider more than
one group elements (I = 0, 1 . . . , D + 1)
GI =e
iτL−1eiU
(2)L2eiU
(3)L3 . . .eiU
(1)
I
L1eiUIL0 ,(12)
which have identical values of parameters τ and
U (m)(τ), m ≥ 2, and differ in the values of the
parameters U
(1)
I and U
(0)
I ≡ UI . This property is
valid when all of these group elements are trans-
formed with the same infinitesimal transforma-
tion parameter ǫ in (11).
Consider the Cartan’s differential form for each
value of the index I
ΩI = G
−1
I dGI = iΩ
(−1)
I L−1 + iΩ
(0)
I L0 + . . . .(13)
All its components (Ω
(−1)
I , Ω
(0)
I , Ω
(1)
I , . . .) are in-
variant with respect to the left transformation (5)
(or (11)). The explicit expressions for some com-
ponents of the Ω -form are:
Ω
(−1)
I = e
−UIdτ, (14)
Ω
(0)
I = dUI − 2dτU (1)I , (15)
Ω
(1)
I = (dU
(1)
I + dτ(U
(1)
I )
2 − 3dτU (2))eUI . (16)
The first of these forms is the differential one-form
einbein. The covariant derivatives (carrying the
external index I) calculated with its help are
DτI = e
UI
d
dτ
. (17)
The most interesting is the form Ω
(1)
I . Using it
one can write the following invariant expression
for the action
S = −1
2
ΣI
∫
Ω
(1)
I = (18)
= −1
2
ΣI
∫
dτeUI (U˙
(1)
I + (U
(1)
I )
2 − 3U (2)),
where ΣI is the signature of D+ 2 - dimensional
space-time (with two times)
ΣI = (−++ . . .++︸ ︷︷ ︸
D
−) (19)
and summation over external index I is under-
stood.
After the elimination of U
(1)
I with the help of
its equation of motion the action (18) in terms of
new variables
xI = e
UI(τ)/2, λ = −3U (2)(τ) (20)
has the form
S =
∫
dτ(
1
2
x˙2I −
1
2
λx2I). (21)
The relation of the action (21) with the usual
D - dimensional action is established by solving
the equation of motion for the Lagrange multi-
plier λ [1]
x2I = 0. (22)
Note the triviality of dynamics implied by this
equation in the absence of the external index I
as well as in the case of positive definite signature
ΣI .
In terms of new variables
x˜i =
xi
x+
, e =
1
x2+
, (x− = −x
ixi
2x+
), (23)
x± =
1√
2
(xD ± xD+1), (i = 0, 1, ...D − 1),
the Lagrangian in (21) becomes the standard one
L =
1
2
˙˜x
2
e
. (24)
The expressions (23) for coordinates x˜i show
that they are indeed scalars with respect to the
transformations of the one dimensional diffeomor-
phisms group. At the same time e(τ) transforms
correctly as an einbein. All this is a result of
the transition from D + 2 dimensional to D di-
mensional consideration which is implied by the
constraint x2I = 0.
2.3. N = 1 spinning particle in the super-
space approach
To generalize the approach on the spinning
particles we consider the N = 1 SCA which is
the simplest of the algebras described in the Ap-
pendix. Its generators are placed on the first two
lines of the Picture 1 and have the following com-
mutation relations in addition to (9)
[Lm, Gs] = −i(m
2
− s)Gm+s (25)
{Gr, Gs} = 2Lr+s. (26)
4Following the considerations of the previous sub-
sections we write D + 2 group elements as (I =
0, 1 . . . , D + 1)
GI = e
iτL−1 · eiθG−1/2 · eiΘ(3/2)G3/2 · eiU(2)L2 · · ·
eiΘIG1/2 · eiU(1)I L1 · eiUIL0 . (27)
Last three multipliers in this expression form the
subgroup of the whole N = 1 superconformal
group and they consistently can carry external
index I. All parameters (Grassmann Θ-s and
commuting U -s) are considered as superfunctions
in the (1, 1) superspace parametrized by τ and
θ. The variations of these superspace coordinates
under the left action of infinitesimal superconfor-
mal transformation are given by the general ex-
pressions (A.4).
To calculate the invariant differential Ω- forms
one should take into account that Grassmann par-
ity of differential of any variable is opposite to its
own Grassmann parity, i.e. dτ is odd and dθ is
even [8]. The general expression for Cartan’s Ω -
form is now
ΩI = G
−1
I dGI = iΩ
(−1)
I L−1 + iΩ
(−1/2)
I G−1/2 +
iΩ
(0)
I L0 + iΩ
(1/2)
I G1/2 + iΩ
(1)
A L1 + . . . . (28)
Its two first components
ΩτI ≡ Ω(−1)I = (dτ − idθθ)e−UI = dxMEτMI , (29)
ΩθI ≡ Ω(−1/2)I = {dθ − (dτ − idθθ)ΘI}e−UI/2
= dxMEθMI (30)
define supervielbeins (x1 ≡ τ, x2 ≡ θ) :
e−UI −ΘI · e−UI/2
EAMI =
−ie−UI · θ e−UI/2(1− iΘI · θ)
The invariant integration measure is
dVI = dτdθBer(E
A
M I), (31)
where dθ is the Berezin differential and
Ber(EAM I) = e
−UI/2. (32)
Note, that the integration measure, as well as the
supervielbeins, depend on the external index I.
The action for N = 1 spinning particle is con-
structed by using the coefficient ΓI in the expres-
sion of the invariant component Ω
(1)
I in terms of
the full system of invariant differential forms ΩτI
and ΩθI :
Ω
(1)
I = Ω
τ
IYI +Ω
θ
IΓI . (33)
This odd coefficient, as well as the even one YI ,
is also invariant. The invariant action is [3,5]
S =
i
2
ΣI
∫
dVIΓI = (34)
i
2
ΣI
∫
dτdθeUI (DθU
(1)
I − iDθΘIΘI +
2iΘIU
(1)
I − 2iΘ(3/2)).
After the solution of the equations of motion for
auxiliary fields U
(1)
I , and introduction of new vari-
ables XI = e
UI/2 = xI(τ) + iθγI(τ) the action
(34) becomes
S = − i
2
∫
dτdθ(X˙IDθXI + 2iΘ
3/2X2I). (35)
The superfield Θ3/2(τ, θ) = 12 (ρ − θλ) in this ac-
tion plays the role of Lagrange multiplier leading
to the constraint X2I = 0 which is the supersym-
metric generalization of the constraint (22). After
the Berezin integration over the θ the action (35)
coincides with the manifestly conformal compo-
nent action for the N = 1 spinning particle [1,2]
S =
1
2
∫
dτ(x˙2I + iγ˙IγI − λx2I − 2iργIxI). (36)
3. N = 2 SUPERCONFORMAL ALGE-
BRA AND SPIN-1 PARTICLE IN THE
SUPERSPACE APPROACH
N = 2 Superconformal Algebra (SCA) in com-
plex notations
Gs = G
1
s + iG
2
s, Tm = −
i
2
T 12m , (37)
(see Appendix) have the following form
[Lm, Ln] = −i(m− n)Lm+n,
[Lm, Tn] = imTm+n
[Lm, Gs] = −i(m
2
− s)Gm+s,
5[
Lm, G¯s
]
= −i(m
2
− s)G¯m+s (38)
[Tm, Gs] = − i
2
Gm+s,
[
Tm, G¯s
]
= − i
2
G¯m+s
{Gr, G¯s} = 2Lr+s + 2Tr+s.
Following the previous considerations we consider
simultaneously D + 2 elements of N = 2 Super-
conformal group (I = 0, 1 . . . , D + 1)
GI = e
iτL−1 · eθ¯G−1/2+θG¯−1/2 · eV 1T1 ·
eΘ¯
(3/2)G3/2+Θ
(3/2)G¯3/2 · eiU(2)L2 · · · (39)
eΘ¯IG1/2+ΘIG¯1/2 · eiU(1)I L1 · eiUIL0 · eVIT0 .
Last four multipliers in this expression form the
subgroup of the whole N = 2 superconformal
group and they consistently can carry external
index I.
The line of calculations is the same. Firstly we
find the expressions for Cartan’s Ω - form com-
ponents
ΩI = G
−1
I dGI = iΩ
(−1)
I L−1 +
Ω¯
(−1/2)
I G−1/2 +Ω
(−1/2)
I G¯−1/2 + (40)
iΩ
(0)
I L0 +Ω
T
I T0 +
Ω¯
(1/2)
I G1/2 +Ω
(1/2)
I G¯1/2 + . . . .
Its three first components
ΩτI ≡ Ω(−1)I = dxMEτMI = (41)
= (dτ − idθθ¯ − idθ¯θ)e−UI ,
ΩθI ≡ Ω(−1/2)I = dxMEθMI (42)
= {dθ − (dτ − idθθ¯ − idθ¯θ)ΘI}e−UI/2−iVI/2,
Ωθ¯I ≡ Ω¯(−1/2)I = dxMEθ¯MI (43)
= {dθ¯ − (dτ − idθθ¯ − idθ¯θ)Θ¯I}e−UI/2+iVI/2
define supervielbein EAMI in the notations: x
1 ≡
τ, x2 ≡ θ, x3 ≡ θ¯.
The invariant integration measure is simply
dVI = dτ dθ dθ¯, (44)
because Ber(EAMI) = 1 for the case of N = 2
SCA, as one can calculate using the expressions
(41)-(43). For construction of the action one need
also the expressions
Ω
(1/2)
I = {dθI − (dθ − (dτ − idθθ¯ − idθ¯θ)ΘI)U1I
−idθθ¯IθI − i
2
dθV 1}eUI/2−iVI/2, (45)
Ω¯
(1/2)
I = {dθ¯I − (dθ¯ − (dτ − idθθ¯ − idθ¯θ)Θ¯I)U1I
+idθ¯θ¯IθI +
i
2
dθ¯V 1}eUI/2−iVI/2, (46)
Their expansion in terms of fundamental forms
(41)-(43) contains invariant coefficients
Γ = {DθI − U1I − iθ¯IθI −
i
2
V 1}eUI , (47)
Γ¯ = {D¯θ¯I − U1I + iθ¯IθI +
i
2
V 1}eUI , (48)
which can be used for the construction of the ac-
tion
SN=2 =
i
4
∫
dτdθdθ¯(Γ− Γ¯) =
∫
dV L, (49)
L = i
4
{DθI − D¯θ¯I − 2iθ¯IθI − iV 1}eUI . (50)
After the solution of the equations of motion for
auxiliary fields θI , θ¯I this lagrangian becomes
L = 1
2
DXID¯XI +
1
4
V 1X2I). (51)
Here XI = e
UI/2 = xI(τ) + iθ¯γI(τ) + iθ¯γI(τ) +
θ¯θFI(τ) are the N = 2 superfield coordinates
and D = ∂/∂θ + iθ¯∂/∂τ, D¯ = ∂/∂θ¯ + iθ∂/∂τ -
the flat covariant derivatives. The N = 2 super-
field V 1(τ, θ, θ¯ in this lagrangian plays the role
of Lagrange multiplier leading to the constraint
X2I = 0 which is the N = 2 supersymmetric gen-
eralization of the constraint (22) [2]. The integra-
tion over the grassmann coordinates, normalized
as
∫
dθdθ¯ θ¯θ = −1 leads to the D + 2 - dimen-
sional component lagrangian for N = 2 spinning
particle received in [2].
4. N = 1 SPINNING PARTICLE IN THE
COMPONENT APPROACH
The analysis of the possible generalization of
described scheme on higher N spinning particles
reveals the following obstacle. In all considered
examples the dimensionality of the action in the
6units dim τ = +1, dim θa = +1/2 is dim S = −1.
The dimensionality of the integration volume for
N extended supersymmetry is dim dV = 1−N/2
whereas the dimensionality of the components of
Cartan’s Ω - form is nonpositive integers or halfin-
tegers. It means that starting with N = 4 there
do not exist the appropriate invariant coefficients
in the expansions of these Ω - form components
in terms of vielbeins which can be taken as the
lagrangian (see the Picture 1).
One possible way out consists in the using as la-
grangians the more complicated (nonlinear) func-
tions of these invariant coefficients. The structure
of these functions in the every case needs the ad-
ditional analysis. However, there exists the uni-
versal approach to all cases of N - extended su-
persymmetry. This is the so called component ap-
proach, in which all parameters of the group are
the functions of a parameter τ (the proper time)
only. In some sense this approach is more eco-
nomic, because it reduces the number of the fields
by 2N times (the number of component fields in
a superfield). The only price, as was described
in the Sect.2, is the appearance of the grassmann
Goldstone fields, which corresponds to the τ de-
pendent parameters at the supertranslations gen-
erators. In all the cases the action can have the
form analogous to (18)
S = −1
2
ΣI
∫
Ω
(1)
I (52)
where Ω
(1)
I is the component of the Ω - form cor-
responding to the generator L1. So defined ac-
tion by construction is the supersymmetrization
of the spinless particle action. The only thing
one should to do - is to redefine the variables in
such a way that the dependence of the action on
the grassmann Goldstone fields disappears. Be-
low we illustrate this approach for the simplest
case of N = 1 supersymmetry.
Once more consider the parametrization of the
D + 2 elements of the N = 1 SCA. This time we
consider the spontaneously broken realization of
the supersymmetry transformation, i.e. the cor-
responding parameter instead of being the Grass-
mann coordinate of the superspace (1, 1) is now
the Goldstone field ϑ(τ) which depends on the
only bosonic coordinate τ
GI = e
iτL−1eiϑ(τ)G−1/2eiΘ
(3/2)G3/2eiU
(2)L2 · · ·
eiΘIG1/2eiU
(1)
I
L1eiUIL0 . (53)
All other parameters are the functions of τ as
well.
The explicit expression for the Ω
(1)
I component
is the following
Ω
(1)
I = {dU (1)I + dτ(U (1)I )2 − 3dτU (2) − (54)
idΘIΘI + 2idϑΘIU
(1)
I − idϑϑ(U (1)I )2 +
3idϑϑU (2) − 2idϑΘ(3/2) +
2idτΘIΘ
(3/2) + 2dϑϑΘIΘ
(3/2)}eUI .
One can eliminate the auxiliary fields U
(1)
I and
introduce new fields (the dot denote the τ -
derivative)
xI = e
UI/2(1− iϑΘI), (55)
γI = −eUI/2((1 − iϑ˙ϑ)ΘI + 1
2
U˙Ie
UI/2ϑ, (56)
λ =−3U (2)(1− iϑ˙ϑ)− 4iϑ˙Θ(3/2)− 2iϑΘ˙(3/2),(57)
ρ = −2Θ(3/2)(1− 3iϑ˙ϑ)− 6ϑU (2). (58)
In terms of these new variables the action (52)
coincides with the manifestly conformal form of
the action for N = 1 spinning particle (36) [1,2].
5. CONCLUSIONS
All considered examples illustrate the close
connection between the physical systems and
their symmetry groups, which consists in the pos-
sibility to describe the system in terms of the pa-
rameters of its symmetry group. One more well
known example is the gravity which can be de-
scribed in terms of the metric tensor [10] (see also
[11] for supergravity) or vielbein [12] parametriz-
ing the diffeomorphisms group of the space-time.
So, it would be interesting to apply the ap-
proach developed here to the cases when the
bosonic part of the (super)space is not one di-
mensional. The simplest are the two dimensional
spaces, which correspond to the (super)strings.
In addition, the method can be applied to the
nonlinearly realized W-algebras which are the
symmetry groups for particles with rigidity and
their supersymmetric generalizations.
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6. APPENDIX. N EXTENDED SUPER-
CONFORMAL ALGEBRA
Having in mind the application of nonlinear re-
alizations of N extended Superconformal Algebra
to the description of N extended spinning parti-
cle we describe in this Appendix the N extended
SCA as subalgebra of the diffeomorphism algebra
of the (1, N) superspace (s, ηa), (a = 1, 2, · · ·N).
The generators of the corresponding diffeomor-
phism group regular at the origin can be written
in the coordinate representation as
P (m)a1,a2,...,an0 = is
mηa1ηa2 ...ηan
∂
∂s
, (A.1)
P (m)a1,a2,...,ana = is
mηa1ηa2 ...ηan
∂
∂ηa
, n ≤ N.
With the help of this representation one can easily
to calculate the corresponding algebra of diffeo-
morphisms. All of these generators can be natu-
rally ordered in accordance with their dimension-
ality (dim s = +1, dim ηa = +1/2):
dim P0 = −1, dim Pa = dim P a0 = −1
2
, (A.2)
dim P 00 = dim P
a1
a = dim P
a1a2
0 = 0, etc.
The N extended SCA in the (s, ηa) superspace
is characterized by N supercovariant derivatives
Da = ∂/∂η
a + iηa∂/∂s, (A.3)
which transform homogeneously under the trans-
formations of the N extended SCA. One can
show, [9], that the corresponding infinitesimal
transformations of the coordinates (s, ηa) can be
described in terms of an unconstrained scalar su-
perfunction Λ(s, ηa):
δs = Λ− 1
2
ηaDaΛ, δηa = − i
2
DaΛ. (A.4)
The composition law for two transformations
with parameters Λ1 and Λ2 ([δ1, δ2] = δ3) is
Λ3 = Λ1∂sΛ2 − Λ2∂sΛ1 − i
2
DaΛ1DaΛ2. (A.5)
Each function Λ is in one to one correspondence
with some element of the SCA. Naturally all func-
tions Λ are divided on classes by their dependence
on the grassmann coordinates ηa. Their corre-
spondence with the generators of the SCA is il-
lustrated by the following table
Λ0n = ǫns
n ⇔ −iǫnLn−1,
Λ1/2n = −2iǫanηasn ⇔ −iǫanGan−1/2,
Λ1n = 2iǫ
ab
n ηaηbs
n ⇔ −iǫabn T abn ,
Λ3/2n = −2ǫabcn ηaηbηcsn ⇔ −iǫabcn F abcn+1/2,
... ...
ΛN/2n = 2(−i)N(N+1)/2ǫa1a2···aNn ηa1ηa2 · · · ηaN sn
⇔ −iǫa1a2···aNn Ra1a2···aNn−1+N/2.
All Λ′s at the left are hermitian (with hermitian
ǫ′s) and normalization is chosen to get a conve-
nient definitions of the generators at the right.
L−1 L0 L1✒✑
✓✏
L2 L3 L4
Ga−1/2 G
a
1/2✖✕
✗✔
Ga3/2 G
a
5/2 G
a
7/2
Tab
0
T ab1 T
ab
2 T
ab
3 T
ab
4
F abc1/2 F
abc
3/2 F
abc
5/2 F
abc
7/2
Λabcd1 Λ
abcd
2 Λ
abcd
3 Λ
abcd
4
Habcde3/2 H
abcde
5/2 H
abcde
7/2
Bose
Bose
Bose
Fermi
Fermi
Fermi
Picture 1. Encircled are generators whose
Ω-form components are used to construct the actions
for N = 0, 1 − (L1) and N = 2 − (G
a
1/2) spinning
particles in the superfield approach.
The first lines of the table and Picture 1. con-
tain the generators Ln of the Virasoro algebra
with n ≥ −1. The second line contains N se-
ries Gar , (r ≥ −1/2, each starting from the
8supercharge Ga−1/2. The next line starts from
the generators T ab0 of the SO(N) algebra and
corresponds to its Kac – Moody generalization.
The generatorsGar form the vector representation
of this algebra. All generators and parameters
with even (odd) number of indices a are bosonic
(fermionic).
The algebra of some lower generators
Ln, G
a
r , T
ab
m , F
abc
s , Λ
abcd
k , H
abcde
t , · · ·,
(m,n, k – integer, r, s, t – halfinteger) is as follows:
[Lm, Ln] = −i(m− n)Lm+n,
[Lm, G
a
r ] = −i(
m
2
− r)Gam+r ,[
Lm, T
ab
n
]
= imT abm+n, (A.6)[
Lm, F
abc
s
]
= i(
m
2
+ s)F abcm+s,
{Gar , Gbs} = 2δabLr+s + (r − s)T abr+s,[
T abm , G
c
r
]
= imF abcm+r + iδ
acGbm+r − iδbcGam+r,
{F abcr , Gds} = −2δadT bcr+s − 2δbdT car+s −
2δcdT abr+s − 2δcdT abr+s − Λabcdr+s ,[
T abm , T
cd
n
]
= −iδacT dbm+n +
iδbcT dam+n + iδ
adT cbm+n − iδdbT cam+n,[
T den , F
abc
r
]
=iδdaF ebcn+r + iδ
dbF ecan+r + iδ
dcF eabn+r −
iδeaF dbcn+r − iδebF dcan+r −
δecF dabn+r − inHabcden+r .
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